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ABSTRACT 
The present study reports the effect of artificial seawater on oxygen uptake 
and opercular frequency in an Indian major carp, Labeo rohita. Whereas a 
control fish of 7.34 g average body weight consumed 1.538 ml 0 2. h-\ the 24-h 
and 96-h exposed fish of the same body weight consumed 1.07 4 and 0.897 ml 0 2• 
h-\ respectively. The oxygen uptake per unit body weight under controlled 
condition was 0.219 ml. g-1• h-\ whereas in 24-h and 96-h exposed fish, it was 
0.152 and 0.124 ml. g-\ h-\ respectively. The change in opercular movement in 
24-h exposed fish was 7 .67o/o higher, whereas in 96-h exposed fish, it was 22.43 o/o 
higher as compared to the control one. All changes are highly significant (p < 
0.001). 
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INTRODUCTION 
The ability of a few freshwater fishes 
to tolerate sea water and hypertonic saline 
media poses an interesting problem. The 
heavy load of salts that gains entrance 
under osmotic imbalance has to be 
eliminated; otherwise it would result in 
the dehydration of fish. Several 
investigations have been made on the 
different aspects of salinity exposure to 
fish. Studies on the salinity tolerance in 
different fish have also been made 
(Hedgpeth, 1959; Saha et al., 1964; 
Joseph and Saxena, 1966; Ghosh and 
Pandit, 1976; Najim et al., 1977; Munsuri 
et al., 1979; Rao, 1980; Chervinski, 1984; 
Mohan et al., 1986; Finstad et al., 1989; 
Arnesen et al., 1992; Staurnes et al., 
1992). The effect of salinity on the 
metabolism of some estuarine and marine 
fishes has been studied (Mathew, 1976; 
Hettler, 1976; Nordlie, 1978; Walsh et al., 
1987; Moser and Gerry, 1989; Moser and 
Hettler, 1989). However, the information 
on the oxygen uptake in salinity-exposed 
freshwater fishes is limited (Pandey, 
1975; Chanchal et al., 1977; Jha and 
Ghosh, 1991; Pathak et al., 1992). The 
opercular frequency of fish changes with 
the change in ambient water. Change in 
the opercular frequency rate due to the 
effect of certain pesticides, heavy metals, 
hypoxia, anaesthesia, fertilizer, etc. has 
been reported in fishes by Chaudhary et 
al. (1981), Roy andMunshi (1984), Singh 
(1990), Yamamoto (1991), Jha et al. 
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(2004) and Yadav et al. (2005). 
Information on the oxygen uptake and 
opercular frequency due to salinity 
changes is wanting in the Indian major 
carps. In the present work, an attempt has 
been made to study the effect of sublethal 
concentration of artificial seawater on the 
oxygen uptake and opercular frequency in 
an Indian major carp, Labeo rohita 
(Ham.). 
MATERIAL AND METHODS 
Live juveniles (5-10 g) of L. rohita 
were procured from the local fishermen 
and brought to the aquarium of the 
Department. They were maintained in 
large plastic pools (1 000-1 capacity) with 
water recirculation system. The fish were 
fed with artificial pelleted fish feed 
everyday. After ten days, some healthy, 
disease-free specimens were segregated 
and brought to the laboratory, and 
acclimatized for seven days in 40-1 
capacity plexiglass aquaria (60 x 30 x 30 
em) having chlorine-free tap water with 
aeration facility. Bioassay tests were 
performed (APHA, 1989) in artificial 
seawater (Schmetz's formula from Lutz et 
al., 1959). The fish were divided into 
several groups, each group consisting of 
ten specimens. Different concentrations 
of artificial seawater ranging from 5 to 
25% were taken in plexiglass aquaria with 
aeration facilities. Everyday, the artificial 
seawater of all the aquaria was 
replenished with fresh one. Mortality rate 
was observed and recorded every day and 
finally, the observed LC50 value for 96 
hours was found to be 22% of artificial 
seawater. 
The oxygen uptake by the fingerlings 
of L. rohita was first determined in 
chlorine-free water under controlled 
condition using a cylindrical glass 
respirometer with continuous water flow 
system (Jha et al., 2004). The reservoir 
and respirometer were filled with 10% 
artificial seawater to determine oxygen 
uptake. Oxygen uptake was determined 
after 24 and 96 hours exposure to 1 0% 
artificial seawater. The concentration of 
dissolved oxygen was determined by 
Winkler's volumetric method (Welch, 
1948). 
Opercular frequency was recorded by 
visual counting and average values were 
calculated. All the experiments were 
carried out at23 ± 1 °C. Student's t-testwas 
applied to verify the significance level 
between oxygen uptake in control and 
10% sea water exposed fish. 
RESULTS AND DISCUSSION 
The LC50 value for 96 hours for the 
juveniles was estimated to be 22% of 
artificial seawater. The dissolved oxygen 
of the normal and saline waters ranged 
between 6.8 and 7.4 mg. r\ while the pH 
ranged from 7.2 to 7.4. In the control 
condition, the oxygen uptake per unit time 
increased from 1.397 ± 0.037 ml 0 2• h-
1 to 
1.715 ± 0.099 ml 0 2.h-1with an increase in 
body weight from 5.0 ± 0.48 g to 10.0 ± 
0.25 g. The oxygen uptake in 24 and 96 
hour exposed fish increased from 0.902 ± 
0.101 ml 0 2 • h-
1 to 1.215 ± 0.034 ml 0 2 • h-1 
and 0.688 ± 0.133 ml 0 2• h-
1 to 1.200 ± 
0.124 ml 0 2• h-
1
, respectively, for the fish 
of the same body weight (Table 1). The 
oxygen uptake per unit body weight in 
control condition increased from 0.279 ± 
0.007 ml 0 2 • g-
1
• h-1to 0.171 ± 0.009 ml 0 2 • 
g -1• h-1, for similar increase in body weight 
of fish. Similarly, in 24 and 96 hour 
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exposed fish, it was 0.180 ± 0.020 ml 0 2 • g-
1
• 
h-1 to 0.122 ± 0.003 ml 0 2• g-
1
• h-1 and 0.138 ± 
0.027 ml 0 2 • g-
1
• h-1 to 0.112 ± 0.012 ml 0 2 • g-
1
• 
h-1, respectively, for the same body weight 
(Table 1 ). In comparison to the control, the 
oxygen uptake per unit body weight 
decreased from 35.48 to 28.66% in 24 hour-
exposed, whereas it was from 50.54% to 
34.50% in 96 hour-exposed fish. The control 
fish of 7.34 ± 1.84 g average body weight 
consumed 1.538 ± 0.191 ml 0 2• h-\ whereas 
24 and 96 hour-exposed fish ofthe same body 
weight consumed 1.07 4 ± 0.133 ml 0 2• h-
1 
and 
0.897 ± 0.203 ml 0 2• h -\respectively. The 
oxygen uptake per unit body weight under 
control condition was 0.219 ± 0.046 ml 0 2 • g-
1 
h-1, whereas in 24 and 96 hour-exposed fish, it 
was 0.152 ± 0.029 and 0.124 ± 0.022 ml 0 2 • 
g-1• h-1, respectively. All the changes are 
highly significant (p < 0. 001). The 
percentage average change in 24 hour-
exposed fish was 30.20 ± 3.0, whereas in 96 
hour-exposedfish,itwas 43.01 ± 5.49. 
The rate of opercular movement was 
recorded to be higher both in 24 and 96 hour-
exposed fishes when it was compared to the 
opercular rate of control fish. The average 
rate of opercular movement in the control fish 
of 7.34 ± 1.84 g was 75.8 ± 2.31 min-\ 
whereas it was 82.0 ± 3.0 min-1 in 24 hour-
exposed and 92.6 ± 3.07 min-1 in 96 hour-
exposed fish of the same body weight. The 
percentage change in the opercular 
movement rate in 24 and 96 hour-exposed 
fish in comparison to the control was 7.67 ± 
2.20 and 22.43 ± 2.24, respectively. Both the 
changes were found to be statistically 
significant (Table 1 ). 
Metabolism of fish varies with the 
changes in their aquatic environment. 
Hickman (1959) reported the lowest oxygen 
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uptake for Platichthys stellatus in 
freshwater but N ordlie and Leffler ( 197 5) 
found no significant change in the 
respiration of Mugil cephalus at salinities 
below their isosmotic one. Moser and 
Gerry (1989) have observed that the 
juveniles of estuarine fishes, Leiostomus 
xanthurus and Micropogonias undulates, 
do not show significant difference in 
metabolic response over rapid salinity 
fluctuations. 
The freshwater fish are comparatively 
less adapted to rapid salinity changes and 
are, therefore, more susceptible to salinity 
changes in the environment. The rate of 
oxygen uptake increased significantly at 
30% seawater acclimatized air-breathing 
catfish, Heteropneustes fossilis (Pandey, 
1975). Similarly in an air-breathing 
murrel, Channa punctatus, a significant 
increase in oxygen uptake has been 
observed at 10% seawater as compared to 
control(Pathaketal., 1992). 
In the present study, the juveniles of L. 
rohita, a freshwater stenohaline fish 
' 
exposed in 10% concentration of seawater 
for 24 and 96 hours showed progressive 
reduction in oxygen uptake. Different 
reasons have been attributed to the 
increase or decrease in the rate of oxygen 
uptake. Active excretion of salts by the 
gills and kidney might be responsible for 
the increase in metabolic rate or oxygen 
uptake may increase due to the increased 
activity of the thyroid gland (Pandey, 
1975). Chanchal et al. (1977) attributed 
decreased thyroid activity for the decrease 
in oxygen uptake at progressively higher 
salinities. They also suggested that 
dehydration of blood due to osmotic 
imbalance may be the reason of decreased 
oxygen uptake at higher salinity. Jha and 
Ghosh (1991) observed that in sudden 
exposure of L. rohita at 8 and 10% 
artificial seawater, oxygen uptake 
increased in comparison to the control, it 
decreased at 12 and 14% of seawater 
' 
respectively. It appears that the response 
of fish to different concentrations of 
seawater were different. Only the change 
in 14% sea water has been found to be 
statistically significant. They suggested 
that physiologically, an acute 
concentration up to 12% is safe for the 
fish. In the present work, the increase in 
oxygen uptake rate may be due to 
irritation and activity caused by the 
sudden change in their environment. But 
the decrease in oxygen uptake may be 
attributed to the reduced efficacy of the 
lamellar epithelium. This reduction may 
be the result of damage in the gills or an 
increase in the water/blood barrier due to 
the secretion of enormous quantities of 
mucus that makes a coating or film of 
mucus over the gills. 
It has been suggested that fish respond 
to different ambient environmental 
conditions by increased opercular 
movement (Belding, 1929). But no 
definite trend in ventilation pattern has 
been established under altered ambient 
environment. Pandey et al., (1976) found 
increase in the ventilation rate in C. 
punctatus after exposure to malathion. Jha 
et al. (2004) found decreased ventilation 
rate in L. rohita and Catla catla after 
exposure to the anaesthetic benzocaine. 
Yadav et al. (2005) found that the 
opercular movement shows hyperactivity 
in H fossilis when exposed to various 
concentrations of fertilizer industrial 
effluent. In the present study, it was found 
that with the increase in exposure hours, 
the ventilation rate increases. Increase in 
EFFECT OF SUBLETHAL CONCENTRATION OF ARTIFICIAL SEAWATER ON OXYGEN UPTAKE 
AND OPERCULAR FREQUENCY IN AN INDIAN MAJOR CARP, LABEO ROHJTA (HAM.) 
79 
ventilation rate is probably due to 
increased oxygen requirement 
necessitated by increased salt excretion 
(Pandey, 1975) or increased activity of the 
fish due to irritation in the ambient water. 
Though the ventilation rate increased with 
alternation in the ambient environment, 
the rate of oxygen uptake did not show any 
increase as compared to the control; rather 
it showed decreased oxygen uptake. Such 
decrease in oxygen uptake may be the 
result of increased water/blood barrier due 
to the deposition of mucus over the gills. 
The mucus probably reduces the exchange 
of gases as also salts and water. 
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